Among five potentially probiotic lactobacilli investigated, Lactobacillus plantarum MF1298 and Lactobacillus salivarius DC5 showed the highest increase in the transepithelial electrical resistance (TER) of polarized monolayers of Caco-2 cells, and this increase was shown to be dose dependent. Furthermore, preincubation with MF1298 attenuated a decrease in TER induced by Listeria monocytogenes.
Functional polarity was developed when electrical resistance between the apical and basolateral surfaces of the monolayers was Ͼ450 ⍀/cm 2 as measured by the Millicell electrical resistance system (Millipore, Bedford, MA). Bacteria were suspended in cell growth medium without antibiotics. The bacterial suspension (500 l) was added to the apical compartment at the various concentrations examined (from 10 5 to 10 8 CFU/ ml) and incubated at 37°C. Following aerobic exposure to cell growth media for 48 h, the bacteria were still viable, as determined by the number of CFU. TER was measured before the addition of the bacteria (time zero) and then at various time intervals and expressed as the ratio of TER at time t in relation to the initial value (at time zero) for each series. The TER of monolayers without bacteria added represented the control for each experiment. Significance was determined using the twotailed Student t test, and P values of Ͻ0.05 were considered significant.
The five examined potential probiotics, used at a concentration of 10 8 CFU/cm 2 , increased the TER of polarized Caco-2 monolayers (results not shown). The two strains that showed the highest increase in TER, MF1298 and DC5, were selected for further experiments. The increase in TER was dependent on the concentration of the bacteria added. As shown in Fig. 1 , addition of MF1298 and DC5 at a concentration of 10 7 cells/ cm 2 had no effect on the TER, whereas a 10-fold-higher bacterial concentration (10 8 cells/cm 2 ) significantly (P Ͻ0.05) increased TER (ϳ40%) within 1 to 2 h of incubation. However, the dose needed to obtain an effect on the host is not well known and in vivo GIT permeability tests are needed. In addition, the survival rate of the ingested probiotics in the GIT may depend on how they are distributed, e.g., as freeze-dried cultures or in a food matrix.
It is commonly presumed that the probiotic bacteria should be alive to exert their beneficial effects (2, 4, 8) . The effect of inactivated bacteria was examined in the same way as described above. A concentration of 10 8 CFU/ml of MF1298 and DC5 was inactivated by exposure to gentamicin (1 mg/ml for 1 h at 37°C; Life Technologies, Gibco, Rockville, MD), heat treatment (1 h at 100°C), or irradiation (15 kGy, 0.2 Gy/s, cobolt-60 gamma cell; Risø, Roskilde, Denmark). Heat-treated bacteria showed no effect on the epithelial barrier function (Fig. 2) as determined by the level of TER, whereas the gentamicin-treated bacteria and the ␥-irradiated cells of MF1298 increased TER even though they were not able to form colonies on MRS agar. Previously, a similar lack of effect on TER was observed for the heat-treated probiotic mixture of Streptococcus thermophilus and Lactobacillus acidophilus (10) . It could be speculated that heat treatment, in contrast to gentamicin treatment, may cause denaturation of the surface proteins of lactobacilli, which are known to be involved in their adhesion to epithelial cells (12) . Furthermore, the supernatant including secreted metabolic components from MF1298 and DC5 did not increase TER (results not shown), suggesting that the presence of bacteria is required to modulate TER.
In contrast to probiotic cultures, Listeria monocytogenes 6896 decreased the TER of polarized Caco-2 monolayers when added at concentrations of 10 5 to 10 8 cells/cm 2 . As seen in Fig.  3A , this effect was shown to be time and dose dependent. Previously, a decrease in TER has been observed following the addition of various pathogenic bacteria, as demonstrated for Salmonella enterica subsp. enterica serovar Dublin (7), Salmonella enterica serovar Typhimurium (13) , Escherichia coli (enterohemorrhagic and enteroinvasive) (9, 10), Yersinia pseudotuberculosis (5), and Vibrio cholerae (1) . Western blot analysis of the protein ZO-1, which is associated with tight junctions of ) is expressed as the ratio of TER at time t in relation to the initial value (at time zero [t 0 ]) for each series. The error bars indicate the standard deviations for four independent experiments. Significant differences (P Ͻ 0.05) from values for the polarized monolayer without bacteria added (control) were observed after 1 to 2 h.
FIG. 2. TER of polarized Caco-2 monolayers exposed to Lactobacillus plantarum MF1298 (A) or
Lactobacillus salivarius DC5 (B) initially treated with gentamicin (1 mg/ml) for 1 h at 37°C (ᮀ), heat for 1 h at 100°C (‚), or ␥-irradiation (15 kGy, 0.2 Gy/s) (छ) compared to that of untreated bacteria (OE) and nonexposed polarized monolayers (■). Bacteria were added at a concentration of 10 8 CFU/cm 2 . TER (⍀/cm 2 ) is expressed as the ratio of TER at time t in relation to the initial value (at time zero [t 0 ]) for each series. The error bars indicate the standard deviations for four independent experiments, except for the ␥-irradiated strains, with which two independent experiments were performed. Significant differences from values for the polarized monolayer without bacteria added were observed for ␥-irradiated and antibiotic-treated MF1298, as well as for antibiotic-treated DC5.
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Caco-2 cells, was applied to examine the alterations of TER.
The expression of ZO-1 was slightly changed upon the addition of bacteria to Caco-2 cells, with a decrease in cells to which L. monocytogenes was added and an increase in cells to which MF1298 or DC5 was added (results not shown). Furthermore, preincubation with MF1298 for 1 h prior to exposure to L. monocytogenes significantly attenuated the decrease in TER caused by L. monocytogenes (Fig. 3B) In conclusion, the presence of MF1298 and DC5 strengthened the epithelial barrier function by increasing the TER in a time-and dose-dependent manner corresponding to the increase in the expression of ZO-1, which is associated with the barrier function. The biological significance of this increase in TER needs to be verified by in vivo GIT permeability tests. Furthermore, the establishment of MF1298 seems to attenuate the L. monocytogenes-induced disruption of the epithelial barrier function. Overall, these results contributed to the identification of MF1298 as a promising probiotic candidate to be selected for further in vivo studies. 
